Renewable and Sustainable Energy Reviews 16 (2012) 1516-1527 


Gass 


ELSEVIER 


Renewable and Sustainable Energy Reviews 


journal homepage: www.elsevier.com/locate/rser 


Contents lists available at SciVerse ScienceDirect 


Possibility of efficient utilization of wood waste as a renewable energy resource 


in Serbia 


Bojan Đerčan *, Tamara Lukić, Milka Bubalo-Živković, Branislav Đurđev, 
Rastislav Stojsavljević, Milana Pantelić 


Department of Geography, Tourism and Hotel Management, Faculty of Science, University of Novi Sad, Trg Dositeja Obradovića 3, 21000 Novi Sad, Serbia 


ARTICLE INFO 


Article history: 

Received 23 August 2011 
Accepted 27 October 2011 
Available online 18 January 2012 


Keywords: 
Renewable energy 
Woody biomass 
Wood residues 


ABSTRACT 


Wood biomass in Serbia is traditionally used for energy. However, the manner of its use is outdated, 
and efficiency is very low. Annually over 3.5 million m? of wood is cut down for energy needs in Serbia. 
In order to better exploit all forms of woody biomass, especially the one that is now treated as waste, 
and in order to fulfil the obligations from the outlined Convention on Climate Change it is necessary 
to switch to a modern way of production and utilization of woody biomass. Serbia is now at the very 
beginning of this process. This paper gives an overview and an analysis of the possibilities of utilization 
of wood waste as a renewable source of energy and the problems that producers in Serbia are facing due 
to undeveloped markets and excessive funds that are needed to start the production of briquettes and 


Briquettes pellets. The ecological and economical advantages of using woody biomass, as well the possible support 
Bio-fuels measures for the use of woody biomass in Serbia are also the topic of this paper. The present situation 
Serbia in this area, the manner of waste management in sawmills and the reasons for the necessity of future 
development of this industrial production are also briefly described. 
O 2011 Elsevier Ltd. All rights reserved. 
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1. Introduction 


Energy and bio-energy are becoming increasingly interesting 
and important subjects for the public, policy and decision makers 
due to increasing fossil fuel prices and growing concerns related 
to the use of nuclear energy. In addition, all the present concern 
for the environment encourages the use of alternative and renew- 
able energy sources, especially in developed countries. This attitude 
was the stronghold of the Kyoto Protocol (1997) which was signed 
under United Nations Framework Convention on Climate Change. 
The sustainability of natural resources is a topic that encompasses 
economic, environmental and socio-cultural elements. When it 
comes to exploitation of forests, sustainability means that the 
forests and the benefits they bring to current generations should 
not compromise the possibility that the future generations benefit 
from them ina similar manner. Woody biomass can be a sustainable 
source of energy, precious renewable alternative to the limited sup- 
ply of available fossil fuels [1]. The focus of initiatives for bio-energy 
is to ensure that the use of the land for bio-energy is economically, 
environmentally and socially sustainable. 

Due to increasing demand for energy the fear of the risk of 
exhausting fossil fuel reserves worldwide is justified. As aresult, the 
use of alternative, particularly renewable energy sources is gaining 
importance in the world ever since entering the first serious energy 
crisis [2]. One of the renewable energy is the biomass. Biomass cer- 
tainly represents a competitive fuel that can be successfully used to 
produce energy, primarily in the processing of wood and the larger 
agricultural producers who have large quantities of biomass can 
take advantage of the bio-waste from their manufacturing process. 

The production of biomass is at a high level in Europe, the 
technology has advanced, so more and more attention is given to 
improving the environment and especially the improvement of liv- 
ing conditions; the focus is increasingly on alternative fuels that 
have low levels of air pollution [3]. Instead of the usual types of 
fuel, the various types of bio-fuels are being used, derived precisely 
from agriculture residues. The remains of agricultural production, 
which amount is large, generally are not used, especially straw 
from wheat, soybeans, rye, sunflower and corn residues [4-7]. 
The energy potential of biomass from agricultural crops is about 
1 million tons of oil equivalents. In addition to these residues a large 
amount of waste in the orchards, vineyards and livestock breeding 
should be also noted. 

In Serbia, on average, every year we have 12.5 million tons of 
biomass, and in Vojvodina, about 9 million tons. If only a 4 of 
biomass would be used for energy purposes, we could save around 
1.3 million tons of equivalent fuel oil (Diesel D2). So much fuel is 
used for agricultural purposes throughout the Republic of Serbia 
[8]. 

Forest biomass for energy is one of the most important energy 
sources, given the raw potential and the possibility of renewing 
them. Most countries in the world accept the fact that it is neces- 
sary to increase the share of this energy in total consumption using 
various measures. The use of forest biomass as a renewable energy 
source is gaining importance in the world and it is expected to be 
so in the future in Serbia too. The reason is not only the advantage 
of this type of energy from an environmental point of view, but a 
reality that there are fewer and fewer non-renewable sources of 
raw materials and energy needs are growing. Use of forest biomass 
for energy demands modern technological solutions in order to cut 


down production costs to the lowest possible level. This is pri- 
marily related to technical solutions when collecting, packaging, 
transporting, storing, drying and grinding the forest biomass [9]. 

In Serbia today, the use of forest biomass is not at an appro- 
priate level for several reasons, taking into consideration the raw 
material base and the possibilities of its expansion. For the signifi- 
cant use of biomass it is necessary to ensure, first of all, legislative 
and administrative conditions. They must contain all the measures 
of state policy, from the national energy program and strategy for 
its implementation to the specific tax incentives and subsidies. It 
is necessary to engage the scientific and professional personnel, 
who would not only point out the importance and the advantage of 
using this type of energy, but also participate, in the development 
of national standards for bio-fuels and equipment for their use. All 
this involves a detailed analysis from the economic and ecological 
aspects. 

Raw material potential of forest biomass of Serbia can be 
increased by raising new forest areas, particularly by establish- 
ing dedicated short rotation plantations on forest and agricultural 
land. Production of briquettes and pellets is more advanced in the 
countries of the European Union, especially in the Scandinavian 
and Alpine countries that are rich in timber. In previous years, by 
strengthening the trend of environmental protection, the impor- 
tance of this type of energy production has spread to the rest of the 
European Union [10], and as a result the mass production of bri- 
quettes and pellets, which are used for energy production and in 
everyday use (individual furnaces), has begun. In developed coun- 
tries, wood pellets are used more and more because they have 
excellent economic, environmental and energy characteristics. 

The current consumption of energy in Serbia stands at 
15 million tons of oil equivalent (Mtoe), on the other hand it is esti- 
mated that Serbia has 3.2 Mtoe of renewable energy which is used 
in negligible amounts [11]. Of the estimated amount of biomass 
(which is 2.6 Mtoe) 60% refers to biomass of agricultural origin, 
while 40% comes from forest biomass. 


2. Materials and methods 


Our choice of research led to the application of corresponding 
method of operation. In preparing this paper analytic and synthetic 
methods were used, as well as statistical and mathematical instru- 
ments. As a source of data the literature concerning the production 
and use of biomass was used. To determine the energy potential 
of woody biomass residues the newsletters of “Srbijasume” were 
used with consultation of expert literature. 

The data of the Republic Statistical Office about the forest area in 
the municipalities in Serbia were used for writing this paper. Based 
on these data and with the help of the computer program ArcGIS 9.2 
a map of forest representation was drawn that enabled detection 
of geographical areas with higher percentages of forest and there- 
fore the greater exploitation of forests and more developed wood 
industry. 

The empirical research was conducted at the sawmill DIV- 
Chabros in Loznica, in western Serbia. Field-based analysis shows 
the amount and type of wood that is processed in the sawmill DIV- 
Chabros, the residues from the production and the calculations of 
waste that remains in the production process. 

The aim of this work is to explain the significance of using, 
as much as possible, biomass as a renewable source of energy, 
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particularly woody biomass, which represents the environmen- 
tally friendly fuel that is produced from renewable sources, making 
the wood fuel one of the solutions for reducing the emission of 
greenhouse gases. 


3. Types of biomass and the importance of use 


Biomass is the degradable part of the products, waste and scrap 
of vegetable and animal origin, whose energy use is permitted in 
accordance with the legislations that regulate the protection of the 
environment. These are all those substances that occur as a by- 
product, and are subject to very rapid natural deconstruction [12]. 

The biomass include products obtained in the field of forestry, 
residues and waste from forestry, products and residues from the 
agriculture, horticulture and viticulture obtained from pruning, 
products of agriculture, livestock breeding and correlating indus- 
tries, as well as the biodegradable part of industrial and municipal 
waste [13]. The biomass can be used in the production of biogas, bio 
ethanol and biodiesel, as well as getting heat and electricity [14]. 

The most significant use of biomass in Serbia is in warm- 
ing up households and buildings by using briquettes and pellets 
from biomass, which is environmentally and economically feasi- 
ble. Serbia has the potential to produce about 4 million tons of oil 
equivalents, or about half of primary energy, which in 2009 totalled 
8.79 Mtoe. Annually around 0.86 Mtoe is produced from renewable 
sources, and only 18% of the total potential is utilized and it is almost 
entirely used for the production of electricity in large power plants. 

Biomass is, as it is said, renewable energy, fuel that is derived 
from plants or plant parts such as wood, straw, stalks of grain and 
so on. It can therefore be divided into wood, non-wood, animal and 
municipal and industrial waste, within which one can differ: 


* woody biomass (forestry residues, waste wood), 

* grown wood biomass (fast growing trees), 

* grown non-wood biomass (fast growing algae and grass), 

e residues and waste from agriculture (straw, corncob, pruned 
branches, old vines and old trees), 

e residues in the food industry (fruit seeds), 

* animal waste and residues, 

* communal and industrial waste [15]. 


Application of biomass for energy production takes place 
respecting the principle of sustainable development. In conditions 
when the ethanol and biodiesel are produced from food, in terms of 
the explosive increase of world hunger, the application of biomass 
for this purpose shall be subject of a very serious analysis, espe- 
cially from the viewpoint of strategic logic of energy [16,17]. Wood 
mass that is formed as a by-product or waste and residues that can 
no longer be used are the most commonly used. Such biomass is 
used as fuel in power plants and for producing thermal energy or 
it is processed into gaseous and liquid fuels for use in vehicles and 
households [18]. 

According to the Ministry of Mines and Energy, the biomass 
could produce a quarter of the total energy produced in Serbia 
[19,20]. The energy potential of biomass in agriculture is estimated 
at around 3 milliontons in crops, and in orchards and vineyards 
around 1.1 milliontons [21]. The potential of renewable energy 
from forestry is also not negligible. In Serbia, there is a growing 
acceptance of so-called energy forests on around 200,000 hectares 
of uncultivated land, which could be planted with fast-growing 
trees that can be used for energy purposes. 

Researches show that the annually production could achieve 
a yield of 15-20t of woody biomass per hectare, in other terms 
- between 3 and 4million tons of woody biomass. Fast-growing 
forests that are planted specifically for biomass production in Serbia 


Table 1 
Ash and sulphur content caused by burning different kinds of trees. 


Kinds of wood Participation in % 


Ash Sulphur 
Xylem Bark 
Beech 0.36 2.29 0 
Linden 0.32 0 0 
Oak 0.36 6.68 0 
Fir 0.42 1.16 0 
Spruce 0.39 2.23 0 
Black pine 0.20 1.05 0 


Source adapted from Ref. [30]. 


do not exist, and this issue should be included in a regular program 
of public enterprises and all forest management companies. In that 
way the production of woody biomass would be encouraged and 
intensified, which would positively impact the growth of economic 
development at the local level and therefore at the state level [22]. 

Woody biomass is environmentally friendly fuel that is pro- 
duced from renewable sources. Emission of harmful gases, 
especially CO2, during combustion of fuel based on woody biomass 
is minimal [1,23,24]. Therefore, the fuel obtained from wood is one 
of the solutions to reduce greenhouse gas emissions [25]. At the 
time of energy and environmental crisis the biomass becomes an 
important material in various technological processes, as well as 
cheap source of energy in industry and household. By adopting 
the Kyoto Protocol within the Convention on Climate Change (The 
Kyoto Protocol under the United Nations Framework Convention on 
Climate Change) Serbia undertook obligations in order to stabilize 
the concentrations of gases that make the greenhouse effect and 
by doing so Serbia got involved in addressing this very important 
issue at the global level [26,27]. 

The use of biomass for energy purposes has many advantages, 
some of which are: 


* environmentally friendly fuel that can make a significant contri- 
bution to efforts to reduce CO? emissions; 

* renewable energy source with the application of measures for 
sustainable forest management; 

* reducing dependence on imported energy; 

* ensuring economic development in rural areas, which is of great 
importance for uneven regional development in Serbia [28]. 


Wood production in industrial plants is ecologically sound, 
unlike some other types of industry. No chemicals are used, there 
is no hazardous waste, and the machines used for production cause 
only a small level of noise. Although modern sawmills have wood 
dryers for steaming the wood, they are not they are not polluters if 
they meet all the standards ordered by the authorities in the field of 
environmental protection. Otherwise, they can highly pollute the 
environment. Using woody biomass as fuel is justified from an envi- 
ronmental and energy aspects [29]. When burning wood remains of 
ash and sulphur, substances that contribute most to environmen- 
tal pollution, are minimal. Table 1 shows the contents of ash and 
sulphur in the burning remains of various species of trees. 

Using and combusting fossil fuels leads to a much larger envi- 
ronmental pollution (Table 2). In fact, their use relieve different 
kinds of gases in the atmosphere (carbon dioxide, methane, sul- 
phur hexafluoride, etc.) which cause greenhouse effect, in other 
words — global warming and climate change. The use of renew- 
able resources leads to reduction of the amount of gases - it is an 
attempt to reduce the creation of other harmful substances (such 
as ash and sulphur). Wood is the cleanest and safest fuel, which is 
explained by the fact that this fuel is has a low content of nitrogen 
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Table 2 
CO2 emission during fuel combustion. 


Type of fuel CO» emission in kg/kWh of energy 
Gas 0.19 
Gas in bottles 0.23 
Mazut 0.27 
Coal 0.29 
Timber 0.03 
Wood pellets 0.03 
Briquettes 0.03 


Source adapted from Refs. [8,31]. 


and sulphur, in contrast to other fuels, especially when compared 
to using coal, oil and petroleum products [31]. 

The highest CO2 emissions is achieved by coal combustion 
(0.29 kg/kWh of energy), followed by oil and gas in bottles, while 
the lowest level of CO, emission is achieved by combustion of wood, 
whether it timber, briquettes or pellets with the percent of only 
0.03 kg/kWh of energy (Table 2). 

A typical energy balance for the systems in forestry and agri- 
culture indicates that 25-50 units of bio-energy are produced for 
every unit of fossil energy consumed in production. Liquid bio- 
energy production requires more energy input, which is roughly 
equal to four or five units of energy produced for every unit of fos- 
sil energy consumed. Net carbon emissions from the production of 
one unit of electricity from bio-energy products are 10-20 times 
lower than emissions from electricity generation from fossil fuels. 
Kyoto Protocol encourages policies that are aimed at limiting emis- 
sions of greenhouse gases, especially carbon dioxide. The two main 
reasons for the increase in CO» concentrations are the burning of 
fossil fuels and changes in the use of land, especially deforestation. 
Bio-energy offers many opportunities to the society to reduce emis- 
sions of greenhouse gases by replacing fossil fuels and intensifying 
reforestation instead of deforestation [32]. 

The current structure of primary electric energy sources cannot, 
on a global scale, provide a trend of increasing energy produc- 
tion. Global energy crisis and global environmental problems are 
closely related. In fact, these two problems are nowadays treated 
as one - obtaining ecologically clean energy (“green energy”). Eco- 
logical problem and the problem of exhaustion of fossil fuels, on 
one hand, and increasing demands for energy on the other hand, 
forced highly developed countries to invest huge funds and employ 
a large number of experts in the development of renewable energy 
technologies. Constantly increasing price of fossil fuels like crude 
oil, natural gas and coal encourages greater use of biomass as a cost 
effective alternative energy source, which is renewable, environ- 
mentally clean and present in large quantities. In accordance with 
that energy from renewable sources has a special place by con- 
tributing to the possibility of sustainable development of society 
[33]. 


4. Raw material potential of wood for energy in the forest 
of Serbia 


Forest areas in Serbia are widespread. The forests are spread 
over all the major mountains, with fewer forests in the territory 
of Vojvodina, except for small areas on the Fruska Gora and Vrsac 
mountains. 

The increasing diversity of use and expectations of the public 
related to forests have led to the fact that the concept of sustainable 
forest management became the main objective of forest manage- 
ment. Sustainable forest management has yet to be defined, but 
the government and other organizations have developed criteria 
and indicators in order to evaluate a range of activities in forestry 
and to adapt the managing to those activities [34]. Ecological cri- 
teria assess the health status, productive capacity, biodiversity, 


land, water, nutrients and carbon dioxide levels. Economic crite- 
ria are used to estimate employment rates, the price of wood and 
other forest products, and social criteria is used for factors such 
as public participation in decision-making in forest management 
and use of forests for their spiritual and aesthetic characteristics. 
All these factors combined allow the assessment of viability. As the 
woody biomass for energy is a forest product, its monitoring can 
be done with the use of criteria and indicators in order ensure sus- 
tainability. Certification carried out by an independent body which 
verifies that the products obtained from forests on land that is man- 
aged in a sustainable manner is another element that increasingly 
affects the production of biomass for energy. Certification is done 
to ensure the constant availability of public forest lands through 
improved acceptance of forestry activities by the public. In some 
countries a certified environmental system for the production of 
energy is used for “green marketing”. As “green energy” is more and 
more accepted so will the trend of certification become stronger 
[28,32,34]. 

Public enterprises Vojvodinasume and Srbijasume are respon- 
sible for forest management in the entire territory of Serbia. 
Vojvodinasume is responsible for forests in the AP of Vojvodina, 
while Srbijasume is responsible for forests in the remaining part of 
Serbia. Four national parks are not under the jurisdiction of these 
two companies. These are Fruska Gora in Vojvodina and Tara, Djer- 
dap and Kopaonik which are located in the western, eastern and 
southern Serbia, respectively. National parks are public companies 
and they manage forests on their territory. 

Origins of the legal protection of forests in Serbia date from the 
14th century. Article 123 of Dusan’s Code of law from the year 1349 
forbade the Sas miners the logging of forests and defined the duty 
of planting trees in areas where forests have been cut [35]. The 
first Law on forest was passed in 1891, which is the beginning of 
organized labour in forestry. In 1991 for the first time in history 
of Serbian forestry most of the forests were entrusted to a public 
company - Srbijasume, which provided an opportunity to, with the 
use of a unique methodology, carry out land surveying which was 
used to define further actions with forests [36]. 

Today the major problem are the forest areas that are degraded, 
which is why forest management is important, along with pre- 
scribing and respecting all the measures ordered by the experts. 
The Public Enterprise for Forest Management Srbijasume launched 
the project “Sustainable forest management certification accord- 
ing to the FSC (Forest Stewardship Council) program,” which is 
funded by the Ministry of Agriculture, Forestry and Water Man- 
agement of Republic of Serbia. The project was initiated because of 
sustainable forest management in accordance with the principles 
of environmental protection, market demands and development 
of relationships with stakeholders, with positive economic oper- 
ation. The certificate guarantees that the product originated from 
forests which are managed in an environmentally sound, socially 
just and economically viable way. By fulfilling all three conditions, 
the certificate can be obtained by anyone who is engaged in forestry 
activities or is in some way related to forestry and products from 
forest [35,36]. 


4.1. Forest fund of the Republic of Serbia 


The area of Republic of Serbia is 8,836,100 ha. The total area 
of forests and forest land is 2,429,642 ha. The percentage of forest 
cover in Serbia is 27.5% and varies by individual regions: Vojvodina 
has 6.8%, Central Serbia 32.8%, Kosovo and Metohija 39.4%. Serbia’s 
forested area is close to the global value which is 30% but it is signif- 
icantly lower than European value which reaches 46%. Of the total 
area of forests and forest lands the state owns 50.91% and 49.09% 
is in private ownership. Timber stock in forests in Serbia is around 
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Fig. 1. Forests in the Republic of Serbia. 
Source adapted from Refs. [38,39]. 


235 million m3, or 101.6 m3/ha, and the current (annual) volume 
increment is about 6.2 million m3, or 2.67 m3/h [37]. 

Of the total timber reserves around 90.1% is from deciduous 
trees, and 9.9% is from conifer trees. The most common tree species 
is beech, which occupies 50.4% followed by oak with 25.8%. The 
most common coniferous species is juniper with share of 4.4%, 
followed by fir (2.9%) and pine (2.2%) [35,37]. 

Layout and density of forests in Serbia (Fig. 1) shows that most 
municipalities in Serbia have in their area a forest fund, which 
ranges from 20% to 40%. The municipality in which the forested area 
are greater than 50% are numerically smaller, and they are mainly 
in Eastern and South-East region of Serbia, mountainous areas of 
southern Serbia and in central parts of the Republic [38,39]. 

The relationship between the volume of harvested wood and 
volume increment of wood in the forests of Serbia is around 50%. 
Countries with developed forest infrastructure, with good forest 
management have up to 75% utilization from the annual wood 
increment in forests. By improving the infrastructure in the forests 
Serbia could increase the potential for sustainable use of wood in 
the forests. According to the Spatial Plan it is envisaged that by 
the year 2050, 41% of Serbia’s territory should be covered by for- 
est. This value is estimated as the optimal forestation of Serbia. 
To achieve this goal, the forest areas should increase each year 
for 29,000 ha. During periods of intense afforestation during the 
eighties, afforestation was around 20,000 ha annually. Afforesta- 
tion conducted in Serbia in the past few years (2002-2006) shows 
that the intensity of afforestation is lower than it should be - it is 
only 5300ha per year. This increase should allow proportionally 
greater volume of tree cutting for about 6.900 m3. State land and 
forests are almost completely afforested with forest trees. Accord- 
ing to executives of Srbijasume, state forests can be increased only 
by 10%. Most of the land that has to be afforested is in private 
ownership [34-39]. 


4.2. Energetic, fast-growing forests in Serbia 


Fast-growing tree species are very suitable for production of 
wood for energy, since they have a short production cycle. Energy 


plants are used as a substitute for fuel in heating systems. They 
replace light heating oil (distillate oil) and reduce greenhouse gas 
emissions by reducing the carbon dioxide emissions. Fast-growing 
forests are comprised of willow or poplar trees, which are harvested 
in 2-5 years, usually every 3 years. The planting of energy forests, 
their cultivation and maintenance, contributes to facilitated sup- 
ply with biomass and raw materials suitable for the production of 
briquettes. Most commonly grown trees as energy crops are: wil- 
low (Salix spp. L.), whose calorific power is 19,380 kJ/kg with annual 
production of 213,488 tons per hectare. Perennial grasses grown as 
energy plants are: switchgrass (Panicum Virgatum L.), which has a 
better commercial success than other energy plants, a high yield 
and good quality of combustion, harvesting can be done every year 
and the calorific power is 19,900 kJ/kg; elephant grass (Miscanthus 
giganteus) with the calorific power of 19,135 kJ/kg it can survive 
a minimum of 15 years; giant reed (Arunda donax L.), provides a 
yield of 40 tons per hectare of dry matter, and has a calorific power 
of 18,035 kJ/kg. 

Technological possibilities of using soft wood plants intended 
for energy production are very favourable from the organizational 
aspect, degree of mechanization, and ways of cutting, wood con- 
centration per unit of area and so on. For the time being there are no 
energy crops in Serbia, but research and analysis show that the land 
not suitable for growing conventional crops could be perfect for 
growing poplar trees, which grow rapidly and can be energy crops. 
It is estimated that about 200,000 ha of land in the plains regions 
along the rivers and canals, that are not suitable for agriculture, 
could be used for fast-growing poplar trees. This is one of the pos- 
sibilities for increasing the energy potential of wood in Serbia. For 
example, the most productive tree species in dry habitats is acacia, 
whose potential increment is 7 m?/ha per year with the production 
cycle duration of 15 years. In the semi-damp habitat most suitable 
type of trees are the newly selected black poplar varieties, which 
have the production potential of about 30 m?/ha per year in a very 
short production cycle of 7 years. In the wetlands the American ash 
tree gives the annual increment of 8 m3/ha per year, which is high 
for clay soil that is burdened with excessive moisture [40]. 


4.3. Wood production in Serbia 


Wood production in Serbia is expressed by wood cutting, which, 
in the official statistical bulletins, include all commercial assort- 
ments of wood and wood wastes. Wood cutting in 2009 in Serbia 
was 2,609,494 m? in the forests, and an additional 25,000 m3 out- 
side forests (parks in cities, trees along roads, canals, boundaries) 
which gives an overall logging of trees of about 2.63 million m? of 
timber [38,39]. 

Assortments resulting from wood cutting are: cut wood for fur- 
ther cutting and manufacturing various kinds of technical wood, 
wood for support pillars in underground mines, wood for produc- 
ing pulp and paper, firewood and other wood products including 
those for production of boards. The largest share (50%) of cut wood 
from state forests is used as fuel. The other half (50%) of cut wood 
from state forests is used for the production of furniture, in the pulp 
and paper industry, production of pillars and for other purposes. 
Despite the fact that almost half of the forests are in private hands, 
the volume of logging of forest trees in private forests is three times 
smaller than in the state forests. The probable reason for this con- 
dition is poor market for wood. As a result, private owners have 
no interest in setting up their own association in order to improve 
management of their forests. In addition to the tree trunk as one 
type of forest assortment, there are different types of waste that are 
used as biomass such as wood parts that fell off and those parts that 
remain after the processing of wood (Table 3). It is estimated that 
there is about 2.9 x 105 m? of biomass residues in forests, which 
has the energy value of 549,500 tons of oil equivalent [30]. 
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Table 3 
Average share of various categories of wood in the total volume. 


Wood assortment Share in the total mass (%) 


Round wood 38 

Stacked wood 30 

Roundwood bark (bark peeled from wood for 4 
the market) 

Forest scrap (residues of wood cutting in 9 
forest) 

Small branches 11 

Stumps 8 

Total 100 


Source adapted from Ref. [30]. 


Based on what was said earlier we can conclude that efficiency 
and profitability determine which parts of the tree and to what 
extent will be used. The amount of energy that will be obtained 
from the timber depends on the quality of the raw material. If the 
price of the wood waste was adequate, technical and technological 
problems of collection and transportation of parts of wood after 
cutting down the tree, which is currently one of the issues, would 
be resolved. 

There are around 2760 companies involved in wood process- 
ing and furniture production in Serbia. The majority of them 
(2360) produce sawn timber, wood panels, veneer, joinery, and 
the remaining 400 firms produce furniture [38]. Over 90% of the 
total numbers of companies involved in this activity are small busi- 
nesses. Most wood processing companies are sawmills, pallets and 
packaging producers, producers of windows and doors, and manu- 
facturers of wood panels. A large number of sawmills are the result 
of available materials, relatively low capital investment and short 
payback period. 


5. Waste derived from woody biomass 


Wood waste is generated from different sources and can vary 
considerably in composition, quality and quantity. Each of these 
factors can significantly affect the possibilities for utilization of 
wood waste. In the past, contaminated wood waste was disposed 
at landfills or was burned, and cleaner waste was used in the 
production of boards. However, new technological advances and 
development of alternative markets have provided more options 
for further utilization of this natural resource. It is now possible to 
remove large amounts of pollutants from the wood waste and thus 
produce high-quality materials for various markets [41]. 

By cutting down forests bark, branches, leaves, discarded trees, 
roots, stumps, remnants of pruning, tree tops, and chips remain as 
wood waste. Another way of getting waste are both the primary 
and the final wood processing when the remains include cut lum- 
ber, bark, stubs, sawdust, veneer and plywood. By processing in 
carpentry and furniture manufacturing stubs, sawdust and other 
solid waste remain. Wood as a construction material also gives a 
certain amount of waste, namely: corners, chips, sheeting residues, 
old doors and windows, floors, fences, etc. 

Landfills and other points for collection and/or classification of 
different types of waste are sources of wood waste. Those include 
municipal waste, residential, commercial, institutional and indus- 
trial products that were rejected, including durable and consumer 
goods, packaging, furniture, toys, wooden boards, pieces of wood 
and panels, waste from gardens and parks. Wood waste is gener- 
ated during the production of furniture, but also at the end of the 
service life of the products when the office and household furni- 
ture is decommissioned. In the production of furniture timber is a 
significant part, and during processing a large part of it ends up as 
waste. Waste is often up to 60% of sawn timber and 25% of board 
materials. Final production can often produce further loss of 5% in 


stubs, assembly of the product 2% and packaging 15%. Due to large 
amounts of wood waste producers must strive to limit the cost of 
disposal, and wherever possible, make the best use of this material. 
Many factories are now burning the waste, using it for heating their 
facilities or as a source of electricity. However, there is considerable 
potential for alternative use of large amounts of wood waste from 
this sector [41]. 

There are estimated data for Serbia about the total quantity of 
available wood waste, where the classification in all categories is 
not done. In Vojvodina this quantity amounts to around 90,000 tons 
per year from forestry and 180,000 tons per year from wood pro- 
cessing. In the National Energy Efficiency Project for Serbia the 
amount of forest residues is estimated at around 2.9 million m3, 
which is around 42% of the total weight of harvested wood and 
around 0.35 million m? of residues from wood processing (sawmill 
processing, production of veneer, chipboard panels, final wood pro- 
cessing and chemical processing of wood). These data refer only to 
the statistically processed logging and wood processing [32,41]. 


5.1. Wood waste in forestry 


In the process of wood cutting, from the total volume of woos 
two types of products remain: technical wood and stacked wood, 
which is 90% of the total harvest; the remaining 10% is wood waste. 
A lot of debris like trunks, thinner branches, leaves and needles, 
whose share in the total amount of wood is around 2%, are left 
in the woods. Volume of unused parts, in the form of bark, thin 
branches and stumps, is about 42% of the total wood volume. 

All ofthese residues can be used as biomass, mainly as a source of 
energy. What part of the residues will be used depends on the type 
of terrain, forest infrastructure and distance to the site of residue 
exploitation. In lowland forests, where access is easier, it is possible 
to use almost all of the residues after the cutting. In contrast, in 
mountainous areas, with large slopes and poor infrastructure, very 
little residues can be drawn out of the forest [41]. 

The possibility to use the restored wood from the waste depends 
mostly on its pollution with other substances and the possibil- 
ity for their removal. Depending on the species, contaminants can 
be removed mechanically (bricks, tiles, floor coverings, linoleum, 
glass, plaster, mortar, soil, rocks, metal components, etc.), or by 
physical or chemical means (various organic protective means, 
waxes, oils, paints and varnishes, adhesives and other additives, 
water, etc.). 

In case of clean waste, the selection of option for recycling is 
affected only by the size of the particles (pieces) and the type of 
wood. In general, reducing the size of the “pieces” and by increas- 
ing the destruction of the wood fibre the value of wood waste is 
reduced (wood dust is less valuable than chips that are suitable for 
production of boards or paper). 


5.2. Wood residues in the wood processing industry 


Three main types of residues are obtained by wood processing 
according to their size: 


* bark, 
* large remains after cutting and 
* fine waste (sawdust, wood chips, wood dust). 


The main part of the large residues can be recycled. Only a small 
part of residues remains unused to be used for other purposes, for 
example, making briquettes, bio-fuel or for energy production. Raw 
materials for production of solid bio-fuels (pellets, wood chips), 
depend on the market, that is whether the residues from different 
processes are going to be used to produce panels or pellets. 
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In well-organized companies that produce panels or pulp and 
paper, virtually all by-products, even wood residues, can be used 
internally. In sawmills a part is used internally, but a significant 
amount of residues is available for other needs, like for produc- 
tion of pellets, or for direct combustion and energy production. 
So, as a raw material for production of briquettes and pellets, the 
largest amount of wood residues comes from cutting wood in the 
forest and from sawmills. Other wood processing companies, espe- 
cially the small ones, also have available sources of wood residues. 
Therefore, the total amount of wood residues for production of bri- 
quettes and pellets is estimated at about 1 million m3, consisting 
of wood residues from wood cutting in the forest which is around 
0.6 million m3, around 360,000 m? from sawmills and no more than 
50,000 m? of wood residues from other wood processing compa- 
nies. 

Wood wastes in sawmills are sawdust and scrap pieces. The 
amounts of residues vary depending on wood production capac- 
ity and facilities, but the average percentage is about 20% of the 
total mass of wood that is processed [41]. In order to get the right 
idea of the quantities of waste at sawmills an example is taken 
from a sawmill Div-Chabros form Loznica, in north-western Serbia. 
Field-based analysis shows the amount and type of wood that is 
processed in the wood industry Div-Chabros, residues from the pro- 
duction and calculations of waste that remains in the production 
process. The Div-Chabros company as part of its production has a 
line of final processing - production of parquet. Parquet production 
is done on an Italian machine type “Gabiano”. The capacity of the 
quadrilateral Gabiano machine is 100-150 m? per shift, depending 
on the dimensions of the parquet. For the calculation a parquet 
plank sized 300 mm x 42 mm x 21 mm was taken, which gives us 
the freedom to argue that the capacity of the flooring line is 120 m? 
per shift. 

Before making the budget it should be noted that in the produc- 
tion of parquet the parquet planks are called strips. The following 
calculation was carried out in order to calculate the waste of saw- 
dust in the production of parquet: 


e Strips average: 0.320 m x 0.050 m x 0.025 m = 0.0004 m3. 
* Parquet plank: 0.300 m x 0.042 m x 0.021 m =0.0002646 m3. 


or participation of sawdust - waste: 33.85%. 

If the daily use of strips for flooring is 30 m2/m?, the daily output 
is 120 m2/30 m2/m? =4 m? of strips. 

Working time is 25 days a month: 25 days x 4m3/day = 100 m? 
or the amount of waste is: 100 m? x 33.85% = 33.85 m?,which is 
680 kg/m? (abs. dry) x 1.08% =734.4kg, or, on a monthly basis: 
734.4 kg x 33.85 m? =24,859.44=24,860t if the parquet planks 
humidity is 8%. 

Calculations of sawdust and scrap pieces in sawmill processing 
show data on utilization of a cubic meter of log. The plan for cutting 
in the company Div-Chabros is 12,000 m3 of logs annually, so the 
total waste is: 


Sawdust — 12,000 m3 x 13.04% = 1564.8 m? of wood mass in saw- 
dust. 
Waste wood - 12,000 m3 x 26.84% = 3220.8 m? of timber. 


Waste wood, regardless of place of origin, has the highest per- 
centage and we get a total of 26.84% of waste wood that serves as 
raw material for production of wood briquettes. Two time smaller, 
but not insignificant, is the share or the residue of sawdust with 
13.04% [42]. 

In addition to wood waste generated in production, it is impor- 
tant to draw attention to the large amount of wood residue that 
remains in the forest after exploitation. According to the esti- 
mates and data from primary and secondary research, and based on 


technological parameters on the amount of wood waste during the 
exploitation of forests we come to the fact that the amount of wood 
waste is approximately 176,292 m? annually [32]. This wood waste 
is currently not used for any purpose. 


5.3. Wood waste management system 


Generally accepted rule is that effective management of any 
waste includes three main levels: waste reduction, reuse and recy- 
cling. Wood waste is generated in all life stages of wood as material, 
and various wood residues occur in all stages of processing [41]. 

Overall, wood waste could be divided into those occurring in the 
production of final products (including trade) as a raw material, and 
the one that is made from already used wood products. 

Prevention or reduction of waste at the source (waste minimiza- 
tion), rehabilitation of used items and their re-use (for the same or 
other purpose), that is reduction of use of resources and reduction 
of the quantity or hazardous characteristics of wastes, is the best 
approach to managing wood waste. It is followed by recycling or 
waste treatment in order to obtain raw materials for producing the 
same or other products. Utilization and use of waste (composting) is 
next the option but it is less desirable than the previous one. Waste 
whose generation cannot be prevented, which cannot be recycled 
or composted, can be properly incinerated or deposited [43]. 

Waste management is a system of activities that include pre- 
vention of waste generation, minimization of waste and its intrinsic 
properties, waste treatment, establishment, operation, closing and 
maintaining of facilities for waste treatment, monitoring, coun- 
selling and education related to activities in waste management, 
based on the principles of sustainable development and human 
principles of nature conservation. 

Control of industrial waste, primarily non-hazardous, has no sig- 
nificant differences in relation to the treatment of municipal waste. 
Wood processing enterprises generate waste during processing 
(wood residues, sawdust) which is treated as a new resource for 
heating (pellets, briquettes). 

Wood waste management has the same aim as any other kind 
of waste management, which, in this case, is reducing waste at 
sawmills and recycling. Recycling wood waste differs from other 
types of recycling, primarily because during this process a sec- 
ondary raw materials and finished products are obtained. 

By analyzing the situation in the industry we can point out sev- 
eral problems that arise in the field of creation and use of wood 
waste: 


* Insufficient utilization of woody biomass; 

* Lack of organization of the timber industry; 

* Lack of knowledge of new technologies for using wood waste; 

* Lack of markets for product made of wood waste; 

* Environmental pollution with primary waste resulting from cut- 
ting and secondary waste that is left after the primary and final 
wood processing; 

Secondary (indirect) pollution from the use of other energy 
sources instead of wood waste; 

Lack of legislation on forest management and protection, envi- 
ronmental regulations for waste disposal and harmful gases 
emissions into the atmosphere; 

Insufficient level of incentives for the production and use of 
renewable fuels; 

* Low awareness of the need to use renewable bio-fuels. 


By removing these problems the benefits of development of 
production and use of wood waste products, primarily in terms of 
reducing the use of fossil fuels, increased use of energy generated 
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from renewable sources and environmental protection would be 
felt [32,41,43]. 


6. Wood briquettes 


Briquettes made of wood shavings are the most economical way 
of using a solid resource for heating, on one hand, and cleanest 
way to heat homes or business premises on the other. The use of 
waste sawdust and coal dust in briquettes gives energy-caloric val- 
ues higher than high-quality coal, and thereby contribute to the 
health of the environment immeasurably. 

On the grounds that the briquettes are made from waste wood 
and coal dust, and that such use “cleans the environment", with 
the use of briquettes in any heating systems that uses solid fuel, no 
other by-products other than those defined by nature are created. 
So, there are no greenhouse gases and no large amounts of ash. 


6.1. The technology of making briquettes 


In order to bulky biomass reach the most remote users it needs 
to be compacted or be packed in form of best shape and size for han- 
dling, transporting, storing and preservation. In this way, biomass 
could become a market commodity, in other words it would be 
available to more consumers. 

Briquetting of biomass shows a number of advantages over other 
processes of producing biomass. The volume, the cost of handling 
and transport are reduced, much less storage space is required, the 
resistance of material on deterioration in biological processes is 
greater and it increases efficiency in the combustion process. 

The energy briquettes can be used in all types of furnaces that 
use solid fuel, with careful dosing [44]. By energy values briquettes 
are similar to brown coals from Serbia. In addition, the use of bri- 
quettes instead of coal has a significant environmental advantage, 
because the sulphur content which is here only in traces (less pol- 
luting with combustion products), and ash from briquettes can be 
used as a good fertilizer. 

Briquettes are formed by pressing crushed particles of ligno- 
cellulosic material with or without a binder under certain 
conditions: high pressure, elevated temperature and optimal mois- 
ture content in the material. The piston impact pressure is 210 bars 
for briquettes without binder. In the pressing of biological mate- 
rial volume is reduced about 10 times, and by that a volumetric 
briquette mass of 800-1200 kg/m? is achieved. The temperature of 
press tools is 90°C. Compactness and density of crushed particles 
in briquette without binder is provided by thermoplastic gluing of 
particles of plant material [45]. Apart the appropriate granulation 
(fragmentation) of the starting material (3-5 mm), material mois- 
ture content has an important role in pressing the biomass. The 
optimum moisture content is about 15%. The shape of briquettes 
is cylindrical. The diameter of briquettes can be from 25 to 90mm 
and variable in length [46]. Briquettes are usually packed in thermo 
shrinking foil, cardboards, paper or plastic bags [44,47,48]. 

Technological process of briquetting of crushed ligno-cellulose 
material without binder is based on high pressure in the presses 
tool from 150 to 200 bars, which turns the biomass into briquettes 
that are compact and have a thigh-volume mass. In order to be able 
to convert biomass into a permanent firm form the moisture con- 
tent must be 10% to 18% (up to 20%) and granulation of materials 
up to 5mm. Therefore, to ensure these conditions it is necessary to 
naturally dry the biomass. By briquetting the volume of the biomass 
is reduced 7-12 times and the volume mass of obtained briquettes 
is 1.0-1.4kg/dm3. The briquettes are packed in cardboard boxes of 
10 kg, plastic bags of 25-40 kg or in thermo shrinking plastic wrap. 
Packing of briquettes is necessary due to exceptional hygroscopic- 
ity of the compressed material [47,48]. 


The optimal technological process for the formation of high- 
quality energy briquettes is conditioned by the type of material, 
quality of fragmentation and by moisture content in the material. 
This procedure is very complex and expensive when an adhesive is 
used as bonding agent to connect fragmented particles. Adhesives 
accounted for 74% in the cost of briquetting [49]. These are the 
reasons why many owners of briquetting plants abandoned this 
method of briquettes production. Production of briquettes without 
the participation of binder (adhesive) significantly contributes to 
the cheapening of production processes and improves its ecological 
values. Also, the participation of sulphur is negligible (6 times less 
than coal), the amount of ash is 2-7 times less compared to coal 
and the moisture content is 2-5 times lower than in coal [50]. 


6.2. Calculation of calorific power of wood briquettes and 
equivalent heat energy sources 


The company Div-Chabros from Loznica plans to manufacture 
3300tons of briquettes per year. As for the composition of the 
raw material for briquettes all raw material originates from beech. 
Calorific value of briquettes made of beech in the dry state with 
12-15% of humidity is 21,683.48 kJ (5180 kcal). Calorific power of 
briquettes speaks of its energy value, and the higher it is, the greater 
is the amount of energy supplied by burning and the economical 
use is higher. Comparisons of calorific power of briquettes, with 
moisture of 10-12%, were made with the following fuels: I class oak 
firewood in m3, I class beech firewood in m3, I class ash firewood in 
m3, comparison with lignite coal in tons, comparison with brown 
coal in tons, comparison with distilled oil in tons and comparison 
with natural gas in tons. 


6.2.1. Comparison of calorific power of wood briquettes with 1 m? 
of I class oak wood 

The average bulk density of oak in dried state is 750 kg/m? 
with the average calorific power of 14,444.46 kJ/kg. Calorific power 
of dried oak is obtained from the product of average volumetric 
weight and average calorific power, therefore caloric power of 1 m? 
of dried oak is: 14,444.46 kJ/kg x 750 kg/m? = 10,833,345 kJ/m3. 

The average calorific power of wood briquettes with 
12-15% humidity is 21,683.48 kJ/kg. The total calorific 
power of 3.300t of briquettes, as it was planned to 
be produced in  DIV-Chabros company, amounts to 
3,300,000 kg x 21,683.48 kJ/kg = 71,555,484,000 KJ. 

Equivalent heat for 1m? of oak wood is 6605.1, and the value 
derived from the ratio of the total calorific power of 3.300 of bri- 
quettes and the average calorific power 1 m° of dried oak. 


Etoak = 71,555,484,000 kJ/10,833,345 kJ/m? = 6605.1 m3. 
Etoak = 6605.1 m? oak wood. 


6.2.2. Comparison of calorific power of wood briquettes with 1 m? 
of I class beech wood 

One cubic meter of I class beech wood that is dried, has an 
average bulk density of 720kg/m? and the calorific power of 
14,842.20 kJ/kg. 

The calorific power of 1m? of beech will be: 
720 kg/m? x 14,842.20 kJ/kg = 10,686,384 kJ/m?. 

The total calorific power of the briquettes is 71,555,484,000 KJ. 

Equivalent heat: 


Etyeech = 71,555,484,000 kJ/10,686,384 kJ/m? = 6695.9 m3. 
Etpeech = 6695.9 m? of beech wood. 
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6.2.3. Comparison of calorific power of wood briquettes with 1 m? 
of I class ash wood 
One cubic meter of I class ash wood that is dried has the bulk 
density of 690 kg/m? and the calorific power of 16,077.30 kJ/kg. 
Calorific power of 1m? will be: 
690 kg/m? x 16,077.30 kJ/kg = 11,093,337 kJ/m?. 
Total amount of briquettes calorific power is 71,555,484,000 KJ. 
Equivalent heat: 


Etash = 71,555,484,000 kl/11,093,337 kJ/m? = 6450.3 m3. 
Etash = 6450.3 m? of ash wood. 


6.2.4. Comparison of calorific power of wood briquettes with 1 t 
of lignite 
Calorific value of lignite coal ranges from 8373.6 to 
16,747.2kJ/kg of dry coal. The average calorific power of 
12,560.4 kJ/kg is taken for comparison. 
One ton of lignite has the 
1.000 kg x 12,560.4 kJ/kg = 12,560,400 KJ. 
The total calorific power of dry briquettes is 
3,300,000 kg x 18,597.765 kJ/kg = 87,297,672,000 KJ. 
Equivalent heat: 


calorific power of 


Etjignite = 87,297,672,000 kJ/12,560,400 kJ/t = 6950.2 t. 
Etlignite = 6950.2 t of lignite coal. 


6.2.5. Comparison of calorific power of wood briquettes with 1 t 
of brown coal 

Calorific power of brown coal in the dry state ranges from 
16,747.2 to 20,934kJ/kg. For the calculation we took the average 
calorific power of 18,840.6 kJ/kg. 

One ton of brown coal has a 
1000 kg x 18,840.6 kJ/kg = 188,406,000 KJ. 

The total calorific power of the briquettes with 0% moisture is 
87,297,672,000 KJ. 

Equivalent heat: 


calorific power of 


Etprowncoal = 87,297,672,000 kJ/188,406,000 kJ/t = 4633.5 t. 
Etprowncoal = 4633.5 t of brown coal. 


6.2.6. Comparison of calorific power of wood briquettes with 1 t 
of distilled oil 

Calorific value of 1 kg of distilled oil is 41,239.98 kJ/kg. 

One ton of distilled oil has a calorific value of 
1000 kg x 41,239.98 kJ/kg = 412,399,800 KJ. 

The total calorific power of the briquettes in a dry state is 
87,297,672,000 KJ. 

Equivalent heat: 


Et distilled oil = 87,297,672,000 k]/412,399,800 kJ/t= 2116.8 t. 
Etdistilled oil = 2116.8 t of distilled oil. 


6.2.7. Comparison of calorific power of wood briquettes with 
natural gas for household (such as propane or butane) 

Calorific value of gas for households is 45,636.12 kJ/kg. 

1t of gas for households has a calorific power of 
1000 kg x 45,636.12 kJ/kg = 456,361,200 KJ. 

The total calorific value of briquettes in the dry state is 
87,297,672,000 KJ. 

Equivalent heat: 


Etgas =87,297,672,000 kJ/456,361,200 kJ/t= 1912.9. 
Etgas = 1912.9 of gas. 


Based on the calculation it can be concluded that the total annual 
wood waste from only one sawmill in Serbia can get enough bri- 
quettes for the substitution of 6605 m? of oak wood, 6950 t of lignite 
coal, 4633 t of brown coal or 1912 t of gas for households, which are 
not negligible amounts of energy. 

To present the characteristics and the energy value of briquettes 
and pellets in comparison to other fuels, we have used tables which 
were made by European companies. Foreign producers are much 
more concerned with this issue, while our knowledge of briquettes 
is vast they are rarely used. It is difficult to present a calculation 
that shows the advantages of using briquettes from an example 
from Serbia. That is why, in this case, experiences of foreign man- 
ufacturers from Germany, Sweden and Denmark are used [51]. 

From Table 4 it can be concluded that the briquettes and pellets 
have remarkable energy potentials and that the amount of ash is 
much lower compared to coal. 


7. Market, economics and policy 


Briquette market in Serbia is not developed because, in order 
to exist, we need companies involved in this activity and products 
consumers. Serbia has companies that produce wood briquettes 
and pellets, but they do not have consumers in this area, so all 
the produced quantities are exported. The number of companies 
involved in this production is definitely growing, and there are 
hints for explosive growth of briquette manufacturers. The intro- 
duction of this product in everyday life includes the installation 
of special equipment like boilers for heating. The price of pellet 
boilers is far higher than the price of gas pipelines and they rep- 
resent an unreachable investment for the average household in 
Serbia. In Serbia today, except in major cities, one cannot buy a 
pellet boiler, and it is even harder to find professionals who will 
install and maintain them. Serbia has the raw materials, domestic 
producers and technology, foreign investments and support from 
international organizations for the use of pellets and other forms 
of biomass [32]. However, there is no legislation, built awareness 
of the economic and environmental feasibility of using this type of 
energy and the concept of what is the energy future of Serbia. 

Raw material for production of wood pellets can be purchased 
directly from the forest or from sawmills. Ifa manufacturer of wood 
pellets needs to supply with wood waste directly from the forest 
then the price of wood waste would not be more than 25 Euros/t 
[39]. Assuming that the transport of wood waste by a truck is similar 
to the transport of coal where the price of transport ranges from 0.7 
to 1.4Euro/km for distances up to 50 km for a truck with capacity of 
25t. Transforming this cost per ton of briquettes, we get the price 
of 1.8-3.6 Euros/t. Price depends a lot on transport density of wood 
waste. 

Based on the aforementioned briquette plant should, for the 
practical and economic reasons, be within the area where the 
wood production is, as this would reduce transportation costs of 
raw materials. Looking from the aspect of the environment and 
its conservation, production of briquettes and establishing plants 
for briquette or pellet production are significant [54]. In addition 
to solid pieces of wood for sawdust is also used manufacturing 
briquettes, which an issue in every sawmill because of its dis- 
posal. The sawdust itself is not harmful to the environment as 
long as it is not kept for a long time. Sawdust, in contact with 
rainwater, produces phenol and manganese, which are harmful to 
human health [55], which is another proof why we should use 
sawdust for the production of briquettes. Otherwise, the place 
where the sawdust is deposited, which are mostly free areas on 
the land where the sawmill is, eventually require rehabilitation, 
and in order to rehabilitate holes that are 3-4m deep need to be 
dug in the ground, depending on the amount deposited sawdust 
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Table 4 
Comparative review of calorific power of certain fuels. 


1525 


Type of fuel Weight in kg/m? Humidity in % Quantity of ash in % Caloric value in MWh/Mt 
Briquette 550-650 10 0.4-0.6 4.65-4.75 

Pellet 600-700 9 0.6-0.8 4.75-4.85 

Sawdust cca 200 8 0.4-0.6 4.80-4.90 

Wood chips 250-350 50 0.4-3.0 2.25-2.35 

Distilled oil 830 0 0 9.90 

Coal 830 5 3-5 9.90 


Source adapted from Refs. [51-53]. 


and the time of deposition. Only in such way soil and ground- 
water contamination would be prevented. It should be noted that 
these rehabilitation processes in Serbia are not done. This is usually 
solved by transportation of sawdust at the city dump [56], which 
afterward remains the responsibility of the people who control the 
operation of landfills and the polluter has nothing more to do with 
it. 

Given that Serbia has good potentials for developing the sec- 
tor of renewable sources and biomass production, the Ministry of 
Mines and Energy of the Republic of Serbia and the NL Agency from 
the Netherlands (formerly SenterNovem - Agency of the Ministry 
of Economic Affairs of the Netherlands) created a Biomass Action 
Plan 2010-2012, in the Serb-Dutch project at the government level 
on biomass and bio-fuels. The project should encourage the use of 
biomass for heat and electricity, and the establishment of compa- 
nies in this field [32]. 

Estimating the total consumption of wood for energy, including 
wood which has been cut down and recorded in private forests 
and one that was not recorded, firewood from state forests and 
wood cut outside of forests, it can be estimated that the total annual 
consumption of firewood is not below 3.5 million m?. Reduction 
of the consumption of firewood imposes a need for production of 
alternative means that can be used for such purposes, which, in 
this case, was the production of briquettes. This would reduce the 
amount of wood that is used for heating, by using waste generated 
in wood industry production processes [57]. If aforementioned is 
to be achieved it is necessary to have the support of the state that 
would accept and support innovations in industrial production. 

Currently there is no developed market for the briquettes in 
Serbia. With the formation of markets the transfer of knowledge 
and technology from other countries would help a lot. The finan- 
cial support of the state, which can be achieved through a system 
of non-repayable subsidies, is crucial. It is essential that favourable 
credit support for investors is established as soon as possible as 
well as a support for foreign investment. Biomass capacity devel- 
opment must be in accordance with building the capacity for their 
production. Otherwise, it is necessary to import these fuels. 

The support for producers of wood biomass should be achieved 
through: 


subsidies for raising dedicated fast-growing forest plantations; 
incentives for biomass delivered to the domestic market; 
support to private forest owners for biomass production through 
rural development funds; 

disincentives for exporting woody biomass and products of 
woody biomass; 

giving priority in supplying with raw materials for domestic con- 
sumers of biomass, by public enterprises for the management of 
state forests [32]. 


The legal conditions for the production and use of fuel made 
from wood in Serbia, the use and production of woody biomass as 
energy sources and more intensive use of this energy source does 
not exist. In the forestry sector the importance of woody biomass 
as energy sources is becoming more and more an object of interest. 


One of the documents governing this issue is the “Regulation on 
the measures of incentives for the production of electricity by using 
renewable energy sources and by combined production of heat and 
power” which was adopted by the Serbian Government in the year 
2009. 

The Regulation provides the following: 


measures of economic policy will stimulate consumption of wood 
for energy fuel, and also provide troubleshooting for forests 
where firewood is the main product; 

* the importance of intensive forest plantations as a sustainable 
and environmentally correct renewable energy and raw materi- 
als sources for industry, which will alleviate pressure on natural 
forest resources; 

initiate research on the role of forests in mitigating the problems 
of the energy balance of the country; 

increase the forest area by encouraging and assisting the activities 
of afforestation of land on which it is economically and environ- 
mentally justified to grow a forest [57]. 


In the plans for the development, there are two scenarios by the 
year 2015. One is to retain the present state of forest roads, which 
means only 50% utilization of forests. In this case, the total defor- 
estation would be slightly increased on the basis of reforestation 
in the past. The second scenario is based on the assumption that 
the new forest roads will be constructed and the existing will be 
improved. This would lead to large-scale deforestation, leading to 
a level of utilization of about 75%, as it is in developed countries. 

Without the introduction of measures to improve forestry, the 
total installed capacity of the wood briquettes and pellets factories 
could be up to 500,000t in 2015, which would use 1 million m3 of 
wood waste. If the forestry is improved and the level of utilization 
is increased from 50% to 75%, then the available amount of wood 
waste would be increased to 1.4 million m?, which would enable 
the production of wood briquettes and pellets in the amount of 
700,000 t per year. It is assumed that the consumption of fuel wood 
will not grow in the coming years. This assumption is based on the 
expectation that wood residues and wood briquettes and pellets 
will be cheaper than the cut logs that are used as firewood, and 
that the logs will be used to manufacture various wood products 
that would bring more income than firewood [32]. 

By briquetting process the volume of bulky biomass is reduced 
10-12 times. Density of briquettes is 1000-1400 kg/m?, and the 
bulk weight is from 400 to 600 kg/m3. In this way prepared biomass 
is a suitable good for the market. It can be easily manipulated, eas- 
ily transported, stored and preserved. The ratio of invested and 
potentially obtained energy in the process of biomass production 
is approximately 1:8.40. For optimal quality briquetting of biomass 
moisture content in plant material should range from 14% to 18%. At 
lower and higher moisture content the form of briquettes is not per- 
sistent. Production of briquetting presses requires great expertise 
and well equipped machine industry, for briquetting conditions, 
high pressure and temperature, condition using special materials, 
high accuracy in the preparation of cylinders, pistons and presses 
and a high-quality heat treatment. 
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The price of briquetted and pelleted biomass without bind- 
ing agents in Vojvodina is from 100 to 120 Euros/t of briquettes. 
If binders are added the price of briquettes grows. In order to 
lower the costs of briquetting and pelleting the cost of grinding 
the biomass should be reduced. Wet biomass must not be dried 
artificially because of the large expenditure of energy, but dried 
naturally by draft. Briquettes formed from crushed material have 
better mechanical properties and are more stable during storage 
and transport, but the proportion of energy invested in the shred- 
ding of the material significantly increases. For economical biomass 
briquetting a cheap binder that could reduce the invested elec- 
tricity should be found. Cost of briquettes and pellets production 
depend on the type of raw material, way of collection, collection 
techniques, transport and storage, types of pressing lines, molding 
technology, the type of packaging, line performance, the number of 
workers involved, the value of the building and equipment, inter- 
est on loans, etc. When everything is taken into account the cost of 
production of briquettes and pellets from sawdust is 100 Euros/t, 
and from crop residues from agriculture up to 120 Euros/t. On the 
domestic market which is not yet developed, the selling price of 
briquettes and pellets in bulk and wholesale is 100 Euros/t, and in 
retail 150 Euros/t packed in sacks. The price of briquettes and pellets 
intended for the European market is 100 Euros in bulk, 200 Euros 
packed in large bags and 300 Euros packed in small bags, but they 
must be produced according to European CEN standards or accord- 
ing to the standards of the country in which the briquettes or pellets 
are sold. The profit (earnings) from the production and sale of bri- 
quettes and pellets is still not significant in the domestic market. 
To expand this production and to become profitable the help of the 
state, banks and donors is necessary. Interest on loans should not be 
high, because the funds can be fairly quickly returned, especially if 
the briquettes and pellets are going to be exported to the developed 
European market [50]. 


8. Conclusion 


Current level of energy production in Serbia satisfies merely 
25% of the country’s needs making Serbia increasingly dependent 
on energy imports. It is estimated that Serbia will exhaust its cur- 
rent coal supplies within the next 55 years, and oil and gas within 
20 years. As regards consumption, it is estimated that the overall 
energy consumption is in favour of fossil fuels 93%, leaving only 
7% for renewable sources. According to some assessments, so far 
merely 20-25% of the total renewable energy capacity has been 
used. Around 80% of unused potential is in biomass exploitation 
(wooden and agricultural biomass), whereas the remaining 20% 
consist of micro hydro-plants and geothermal sources. Biomass 
potential could be used to replace 25% of the current total energy 
production in Serbia. There is a strong potential for energy wood 
growing on about 200,000 ha of uncultivated soil. 

When it comes to woody biomass, by primary wood process- 
ing in sawmills there is more than 20% of residues which are 
mostly deposited without further exploitation. Single piece waste, 
sawdust, bark and other waste of timber, which are mechanically 
treated, become important raw materials for production of bri- 
quettes, but as such, can be delivered as raw materials to companies 
that make wood pellets and briquettes. By using wood waste as 
secondary raw material, we get a starting raw material for produc- 
tion of wood briquettes, which would mean that everything that 
was so far unexploited mass becomes useful for further production. 
The usefulness is reflected in many aspects, particularly economic, 
because producing organic products in the wood industry does not 
require that the wood processor-manufacturer has a briquetting 
plant, but can deliver its starting material to other manufacturers, 
for adequate compensation. 


Although a lot is known about renewable energy, biomass and 
its importance, the benefits of using and producing wood briquettes 
and pellets, there are problems which are encountered in the field of 
creation and utilization of wood waste. They are related to under- 
utilization of timber, lack of knowledge of new technologies for 
exploiting wood waste, lack of market for products made from 
wood waste, pollution of the environment with primary and sec- 
ondary waste, non-application of legislation on forest management 
and protection, environmental regulations for disposal of waste 
and emissions of harmful gases into the atmosphere, an insuffi- 
cient level of incentives for production and use of renewable fuels 
and low awareness of the need to use renewable bio-fuels. 

Resolving these issues would open some new paths from which 
everyone would benefit: the existence of available sources of raw 
materials and the optimal use of resources; development of new 
industries with significant potential; the introduction of new tech- 
nologies that help reduce environmental pollution; employment 
in the industry (forestry, wood production) in undeveloped rural 
areas where there is a large number of unemployed; creating a mar- 
ket for wood waste products; savings in using renewable energy 
sources; reducing the use of other fuels; environmental protection; 
involvement in European development processes and the availabil- 
ity of development funds. 
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